Abstract. Medullary breast cancer (MCB) is a morphologically and biologically distinct subtype that, despite cytologically highly malignant characteristics, has a favorable prognosis compared to the more common infiltrating ductal breast carcinoma. MCB metastasizes less frequently, which has been attributed to both immunological and endogenous cellular factors, although little is known about the distinct biology of MCB that may contribute to the improved outcome of MCB patients. To identify candidate genes, we performed gene array expression analysis of cell lines of MCB, ductal breast cancer and normal breast epithelia, and the differential expression of a panel of candidate genes was further validated by quantitative PCR and immunohistochemical analysis of cell lines and tumor biopsies. A limited number of genes, including several members of the GAGE and insulin growth factor binding protein (IGFBP) gene families, Vav1, monoglyceride lipase and NADP(+)-dependent malic enzyme, exhibited altered expression in MCB vs. ductal breast cancer, and the differences for some of these genes were confirmed on an extended panel of cell lines by quantitative PCR. Immunohistochemical analysis further established that the expression of monoglyceride lipase was restricted to ductal breast cancer and present in 77% of these tumors, while Vav1 was restricted to MCB and present in 60% of tumors. In this study, we have identified genes that are differentially expressed in MCB vs. ductal breast cancer and further analysis of the gene products should illuminate the biological differences between MCB and ductal breast cancer.
Introduction
Medullary carcinoma of the breast (MCB) is a morphologically and biologically distinct subtype constituting approximately 3-6% of all invasive breast cancers. Significant attention has been focused on MCB since this subtype, despite having cytologically highly malignant characteristics, has a favorable prognosis compared to other types of infiltrating breast cancers, including the more common ductal adenocarcinoma (1,2). The 10-year survival for patients with MCB was found to be 84% compared to 63% for patients with non-MCB (3) (4) (5) . Typically, MCB is characterized by wellcircumscribed borders, large and pleomorphic nuclei with prominent nucleoli, numerous mitoses, sparse necrosis, syncytial growth pattern, no tubular component and an intense infiltrate of lymphocytes and plasma cells (1) . DNA ploidy studies typically show predominantly aneuploid stem lines, consistent with the high mitotic rates. Risk factors such as lymph node status, tumor size, steroid receptor status, and menopausal status, which are found to be of major prognostic importance in breast cancer in general, have minimal prognostic value in MCB, indicating that MCB is a subtype with unique biological features (6) .
Several studies have examined the characteristic lymphoplasmacytic infiltrate in MCB, since it has been hypothesized that these cells react with an antigen directly or indirectly involved in the control of tumor growth. These studies indicate that, while the T cell immune response may play a role in MCB tumor growth, the specific biological characteristics of MCB cells may be the major factor (7) (8) (9) (10) (11) . Such biological characteristics include altered expression of genes and signaling pathways, and previous studies have shown that nearly 100% of MCBs contain alterations in the p53 gene and immunohistochemically verified accumulation of p53 in the nuclei of tumor cells (12) (13) (14) . In comparison, p53 alterations are found in only 20-40% of invasive ductal breast cancers. Another study found that MCB was diagnosed much more frequently than expected among biopsy specimens from patients with BRCA1-associated breast cancer (15) , a marker otherwise only found in hereditary breast cancer.
DNA microarray has proven to be a useful technique for large-scale gene expression surveys in cancer and other diseases. Several such microarray studies have analyzed the gene expression profile in breast cancer (16) (17) (18) (19) (20) (21) (22) (23) , and a gene expression signature consisting of 70 genes has been identified that strongly predicts good or poor prognosis in younger stage I and II breast cancer patients (21,23). The overall 10-year survival rate was 94.5% in the good prognosis group, and 54.6% in the poor prognosis group. These gene expression profiles were better predictors of clinical outcome than current clinical and histological criteria. A second set of reports analyzed expression levels in a larger panel of infiltrating ductal breast cancer and identified a set of genes that could distinguish 5 breast cancer subgroups (luminal A, luminal B, normal breast-like, HER2-overexpressing, and basal-like types); the luminal A subgroup had a favorable prognosis, while the latter two were associated with poor outcomes (18, 24, 25) . Overall, the results from these studies demonstrate the feasibility of cancer classification based solely on gene expression monitoring. Likewise, novel breast cancer-related genes that may play a key role in cancer development and thus serve as therapeutic targets may be identified using this approach. However, none of the studies to date have examined MCB or compared MCB to ductal breast cancer and normal breast epithelia to elucidate differentially regulated pathways between the two breast cancer subtypes.
In this study, we examined the expression levels of more than 7,000 genes in MCB and compared them to the expression levels in infiltrating ductal breast cancer and normal breast epithelia cells to identify genes and pathways involved in the distinct biology of MCB. A panel of candidate genes were identified and further examined by quantitative PCR and immunohistochemistry.
Materials and methods
Cell lines. The MCB cell line MB-157 (CRL-7721) and the MCF7 (HTB-22), Hs578T (HTB-126), MB231, MB435, MB436 and ZR75.1 ductal breast carcinoma cell lines were purchased from ATCC (Manassas, VA, USA) and cultured under recommended conditions. The MCB cell line BrCa-MZ-01 was a gift from Dr V.J. Möbus (University of Ulm, Ulm, Germany) and cultured in Dulbecco's modified Eagle's medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum, sodium pyruvate, L-glutamine, nonessential amino acids, penicillin G, and streptomycin (26) . The human mammary epithelial cells, 184 Birdie (184B; referred to elsewhere in this paper as normal breast epithelial cells), were a gift from Drs Jim Garbe and Martha Stampfer (Lawrence Berkeley National Lab, Berkeley, CA, USA). The 184B cells are derived from organoids isolated from reduction mammoplasty tissues and are finite lifespan, non-tumorigenic cells. The 184B cells were cultured in mammary epithelial growth medium (BioWhittaker, Walkersville, MD, USA) supplemented with 70 μg/ml bovine pituitary extract, 5 μg/ml human transferrin, and 5 mM isoproterenol. The MCF7 line, derived from metastatic ductal adenocarcinoma of a 69-year-old Caucasian female, retains several characteristics of differentiated mammary epithelium and is estrogen receptor (ER)-positive, while the Hs578T cell line (HTB-126), derived from a 74-year-old Caucasian female with ductal breast carcinoma, exhibits a stellate cell type and is ER-negative. The MDA-MB-157 ER-negative cell line was derived from an MCB of a 44-year-old black female, and the BrCa-MZ-01 cell line was derived from a primary MCB of a 61-year-old female and expresses both the progesterone receptor and ER (26) . Fresh stocks obtained directly from ATCC or our collaborators were grown under controlled conditions to minimize the passage cycles by the cells, ensuring that they represented the expression profiles of the parental tumor type as much as possible.
Microarray analysis. Total RNA was extracted from two separate preparations of each cell line using the RNeasy Miniprep kit (Qiagen, Valencia, CA, USA) according to the manufacturer's protocol, and the quality of the samples was examined with an Agilent Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). RNA from each preparation was Table I . Analysis of members of the IGF system for altered gene expression between MCB and ductal breast cancer using normal breast epithelia cells as a baseline. 
labeled, hybridized and scanned using standard Affymetrix protocol (27) (protocol available at http://affymetrix.com). Chips were scanned using the Affymetrix ScanArray 3000 using default settings and a target intensity of 250 for scaling. Each RNA preparation was analyzed on HG-U95A gene chips (Affymetrix, Santa Clara, CA, USA), and data was globally normalized by adjusting the mean hybridization intensity for each array to the target intensity of 250. The mean of the two normalized values for each cell line was used in the subsequent analysis performed with Microsoft Excel. For genes to be selected for further analysis, they should be transcribed in both cell lines of one breast cancer subtype, exhibit a sort score change >2 [sort score is a ranking of the fold change and the average difference change (http://www.affymetrix.com)], and not be transcribed or up-/down-regulated in the opposite direction in both cell lines of the other subtype and in the normal breast epithelia cell line.
Quantitative RT-PCR. cDNA was generated using Taqman reverse transcription reagents (Applied Biosystems, Foster City, CA, USA) and analyzed by quantitative real-time PCR using SYBR-Green PCR Master Mix (Applied Biosystems) according to the recommendations of the manufacturer. The PCR run consisted of initial denaturation at 95˚C for 10 min, followed by 45 cycles of annealing at 95˚C for 15 sec and extension at 60˚C for 1 min. Reactions were monitored during the extension phase using Sequence Detection System software (Applied Biosystems) and an ABI PRISM ® 7700 Sequence Detection System (Applied Biosystems).
Relative quantification was performed in triplicate using the standard curve method for relative quantification. The median relative expression levels were normalized with endogenous ß-actin or glyceraldehyde-3-phosphate dehydrogenase (GAPDH) levels, and the normalized relative quantity for each cell line was expressed as the relative fold change compared to the normalized relative quantity of normal breast epithelial cells. The primers for specific amplification of GAGE-4-7B, Vav1, insulin growth factor binding protein 5 (IGFBP-5), GAPDH and ß-actin were: 5'-GAG GGA GCT GTG AGG CAG T-3' (GAGE-4-7B sense), 5'-CAT TTC AGG AGG CTG TAC AT-3' (GAGE-4-7B antisense), 5'-AGC AGT GGG AAG CAC AAA GTA TT-3' (Vav1 sense), Table II . Analysis of cancer testis antigens for altered gene expression between MCB, ductal breast cancer using normal breast epithelia cells as baseline. 
(ß-actin sense) and 5'-CTG GTG CCT GGG GCG-3' (ß-actin antisense). For amplication of monoglyceride lipase (MGL) and NADP(+)-dependent malic enzyme, pre-designed RT2 PCR probes (MedProbe, Lund, Sweden) were used. The quantifications were performed twice in their entirety, and the similar relative fold changes confirmed reproducibility of the methods.
Immunohistochemistry and immunocytochemistry. Plasma/ thrombin cell blocks were generated from the cell lines by adding 50 μl of plasma to 5x10 5 cells followed by 35 μl of bovine thrombin (Biofac A/S, Ejby, Denmark), which leads to the formation of a clot surrounding the cells. The plasma/ thrombin cell clots and patient tissue biopsies were fixed in 4% formaldehyde, pH 7.4 for 24 h. Sections were cut, deparaffinized, treated with 1.5% H 2 O 2 in Tris-buffered saline, pH 7.5 for 10 min to block endogenous peroxidase activity, rinsed in distilled H 2 O, demasked and washed in TNT buffer (0.1 M Tris, 0.15 M NaCl, 0.05% Tween-20, pH 7.5). Sections were subsequently incubated with either polyclonal rabbit anti-IGFBP-5 antibody (#06-110; Upstate, Charlottesville, VA, USA), polyclonal rabbit anti-Vav1 antibody (#2502; Cell Signaling, Beverly, MA, USA), polyclonal mouse anti-GAGE antibody (produced in-house) or polyclonal rabbit anti-monoglyceride lipase antibodies (#100035; Cayman Chemical, Ann Arbor, MI, USA) diluted in antibody diluent (S2022; Dako, Glostrup, Denmark) for 1 h at room temperature. Polyclonal mouse anti-GAGE antibody was produced by the immunization of mice with a full-length recombinant GAGE-7-GST antigen produced in E. coli (unpublished data). Sections were washed with TNT and incubated with horse-radish peroxidase conjugated 'Readyto-Use' EnVision+™ polymer (K4003 for rabbit antibodies and K4001 for mouse antibodies; Dako) for 30 min, followed by another wash with TNT. The final reaction product was visualized by incubating with 3,3'-diaminobenzidine (DAB) + substrate-chromogen for 10 min, followed by washing with H 2 O and the counterstaining of sections with Mayer's hematoxylin before mounting in AquaTex (Merck Inc., Whitehouse Station, NJ, USA). For each experiment, isotype matched or no primary antibody was included as a control.
Results

Microarray analysis.
To identify genes with altered expression and pathways in MCB that may be involved in the distinct biology of MCB and might be attributed to a more favorable prognosis compared to ductal breast cancer, we analyzed the gene expression profiles of MCB, ductal breast cancer and normal breast epithelia cell lines. RNA purified from the only two MCB cell lines currently available (MB-157 and BrCa-MZ-01), two ductal breast cancer cell lines (MCF7 and HS578T), and the finite lifespan normal human breast epithelial cell line (184B) was used for microarray analysis using the Affymetrix HG-U95A high density GeneChip, which contains 12,599 probe sets for 7,598 human genes (raw data available from ArrayExpress database with accession no. E-MEXP-441). Two RNA preparations from each cell line were analyzed on separate HG-U95A GeneChips to evaluate the reproducibility of results. Analysis of the two sets demonstrated that the data were reproducible, and the mean of the two values was consequently used in subsequent analysis. Using normal breast epithelia cells as a baseline, we identified 399 genes of which the expression levels were altered 2-fold or more in terms of sort score in both MCB cell lines. Similarly, we identified 234 genes of which the expression levels were altered 2-fold or more in both ductal breast cancer cell lines compared to normal breast epithelial cells. Combining the two data sets, we identified 11 genes of which the expression levels were altered in one breast cancer subtype compared to normal breast epithelia and unchanged or altered in the opposite direction in both cell lines of the other subtype (Tables I-III) .
Expression of IGFBP-3, -4 and -5, belonging to the 6 member IGFBP family, was found to be up-regulated in both ductal cancer cell lines, while the expression level in both MCB cell lines was similar to that observed in normal breast epithelia (Table I) . Since IGFBPs bind with high affinity to insulin-like growth factors (IGF) and regulate access of the IGF ligands to IGF receptors, other members of the IGF system could be up-or down-regulated, perhaps as a compensatory mechanism (Table I) . However, with the exception of insulin receptor substrate 1 (IRS-1), no consistent changes were observed within the breast cancer subtypes. IRS-1 plays an Table III . Analysis of enzymes involved in lipid synthesis and of a hematopoietic signaling molecule for altered gene expression between MCB, ductal breast cancer using normal breast epithelia cells as baseline. 
important role in mediating apoptosis, cell differentiation and cell transformation, and has been shown to be constitutively activated in a variety of solid tumors, including breast cancer. IRS-1 was down-regulated in the MCB cell lines, BrCa-MZ-01 and MB157, compared to the ductal cell lines, MCF7 and HTB126, and normal breast epithelia.
The expression of a second group of genes, GAGE-4-7B, members of the GAGE gene family of the group of testis cancer antigens, was strongly up-regulated in both MCB cell lines, but absent in cell lines of ductal cancer or normal epithelia (Table II) . GAGE has previously been shown to be present in cancers of different origin, but has not been evaluated in MCB or other breast cancer subtypes. Other cancer testis antigens, including members of the MAGE and RAGE gene families and NY-ESO-1, were expressed in some of the cell lines, but not found to be selectively expressed by any of the breast cancer subtypes (Table II) .
Vav1, a multi-pathway signaling molecule normally present only in the hematopoietic compartment (28), was strongly up-regulated in both MCB cell lines, but absent in ductal cancer and normal breast epithelial cells (Table III) . Interestingly, a recent report has also found Vav1 expression in approximately half of pancreatic cancers, where it was found to be associated with tumor cell proliferation (29) .
Two genes that encode enzymes involved in lipid metabolism, i.e. MGL (30) , and cytosolic NADP + -dependent malic enzyme (31) , were also shown to have altered expression levels in MCB vs. ductal breast cancer (Table III) . MGL, a serine hydrolase shown to increase tumor cell invasion (32) and proliferation (33) by hydrolyzing 2-arachidonoylglycerol, was highly expressed in the MCF7 and HS578T ductal cell lines, but not in the MCB cell lines BrCa-MZ-01 and MB157, or normal breast epithelial cells. NADP + -dependent malic enzyme, which has been shown to catalyze the NADPlinked oxidative decarboxylation of malate to pyruvate and CO 2 (34) and has been implicated in providing the reducing power of NADPH to the cytosol for fatty acid synthesis from acetyl CoA (35, 36) , was down-regulated in the MCB cell lines.
Quantitative PCR analysis. To verify the gene alterations observed in the microarray experiments, we carried out quantitative determination of gene expression changes by real-time PCR. In addition to the MCB and ductal breast cancer cells lines included in the gene array analysis, a panel of other relevant ductal breast cancer cell lines were examined by quantitative PCR, as shown in Fig. 1 . Since the two MCB cell lines tested are the only available cell lines of this breast cancer subtype, no additional MCB cell lines could be included in the validation study. The quantitative PCR for GAGE-4-7B confirmed that GAGE-4-7B was highly expressed in MCB ---------------------------------------------- ------------------------------------------------ compared to ductal breast cancer and normal breast epithelial cells, and showed a 2,200-fold increase in GAGE-4-7B expression in BrCa-MZ-01 (Fig. 1A) . In addition, realtime PCR showed that only very low expression levels of GAGE-4-7B existed in 6 ductal breast cancer patient tissue specimens (data not shown). Quantitative PCR analysis revealed increased IGFBP-5 (Fig. 1B), MGL (Fig. 1C) and cytosolic NADP(+)-dependent malic enzyme (Fig. 1D ) expression levels in ductal breast cancer cells compared to MCB or normal breast epithelial cells. Furthermore, the difference in expression levels was even higher with realtime PCR than microarray analysis, probably due to the higher accuracy of real-time quantitative PCR. Finally, as shown in Fig. 1E , high expression of Vav1 was observed in MCB relative to ductal breast cancer or normal breast epithelia.
-------------------------------------------------
-- GAGE-1-8 40% (2) 9% (2) IGFBP-5 0% (0) 18% (4) Vav1 60% (3) 0% (0) Monoglyceride lipase 0% (0) 77% (17) -
Protein expression analysis.
To verify that the observed gene expression alterations correlated with alterations at the protein level, immunocytochemical analysis of the different cell lines used for the DNA microarray study was performed. Staining with an anti-MGL antibody was observed in both ductal breast cancer cell lines but not in MCB cells (Fig 2A  and B) . The staining was localized to the cell surface and cytoplasm. On the contrary, the ductal cell lines showed no staining with an anti-IGFBP-5 antibody. However, this is not surprising since IGFBP-5 is a secreted protein. As no anti-GAGE antibodies were commercially available, we immunized mice with full-length recombinant GAGE-7. By Western blotting and ELISA, the antibody was shown to specifically recognize conserved areas of GAGE members (unpublished data). Using immunohistochemistry, the polyclonal anti-GAGE antibody was shown to stain testis but not 24 other normal tissues, including those of the spleen, tonsil, skin, thymus, lung, esophagus, parotid gland, rectum, intestine, ventricle, liver, cerebellum, muscle, kidney, bladder and thyroid. The GAGE antibody was found to stain a subpopulation of the MCB BrCa-MZ-01 cells but not the ductal cell lines (Fig. 2E and  F) . Although the MCB cell line, MB157, was shown by microarray and real-time PCR to express GAGE, the cell line was not stained by the GAGE antibody, presumably due to a low expression level. The cell lines were also examined for staining with a polyclonal anti-Vav1 antibody but, surprisingly, no staining was observed. This may also be explained by low expression levels.
Expression of the candidate genes at the protein level was also evaluated in a small number of breast tumors surgically removed from patients (Table IV) . A thorough examination of the expression specificity of candidate genes for a given Figure 2 . Immunocytochemical and immunohistochemical analysis of the expression of 4 gene products that exhibited altered gene expression in the microarray analysis between ductal breast cancer, MCB and normal breast epithelia. In agreement with the DNA microarray data, MGL was not present in the MCB cell line, MB157 (A), but was present in the ductal breast cancer cell line, Hs578T (B). Further, MGL was not found in any of 5 MCB tumors tested (C) but was found in some ductal breast cancers (D). GAGE, detected with a mouse polyclonal anti-GAGE antibody, was found in the MCB cell line, BrCa-MZ-01 (E), but not in the ductal breast cancer cell line, MCF7 (F). However, GAGE was not restricted to MCB tumors, it was also found in a few ductal breast cancer biopsies (G). Mouse sera obtained prior to GAGE immunization verified that the GAGE staining was specific (H). IGFBP was observed in some ductal breast cancers (I) but not in MCB (L) or normal breast epithelia. In the IGFBP-positive ductal cancers, IGFBP staining was confined to individual cancer cells, while the majority of cancer cells were IGFBP-negative. The adjacent section stained with an anti-Vav1 antibody exhibited no binding, verifying the specificity of the anti-IGFBP staining (J). In contrast, the anti-Vav1 antibody stained MCB biopsies (K), which were not stained with an anti-IGFBP-5 antibody (L). The cell lines and the tissue specimens were formalin-fixed and paraffin-embedded. breast cancer subtype by examining a large number of breast cancer biopsies was beyond the scope of this study. The staining of breast cancer biopsies revealed MGL staining in 17 of 22 ductal breast cancers (Fig. 2D ), but not in 5 MCBs (Fig. 2C) or normal breast epithelia. In some ductal breast tumors, all cancer cells exhibited cytoplasmic staining, as depicted in Fig. 2D , while less than 40% were stained by the antibody in others. The 27 breast cancers were also tested for IGFBP-5 staining. As shown in Fig. 2I , IGFBP-5 staining was observed in 4 of the ductal breast cancers, but not in MCB or normal breast epithelia (Fig. 2L) . In the IGFBP-5-positive ductal cancers, staining was confined to individual cancer cells, while the majority of cancer cells were IGFBP-5-negative. However, immunohistochemistry is not an optimal technique for detecting IGFBP-5 expression since IGFBP-5 is a secreted protein. Examination of GAGE expression in the 27 breast cancer biopsies showed staining in 2 of 5 MCB cancers and 2 of 22 ductal breast cancers (Fig. 2G) , demonstrating that GAGE expression was not limited to the MCB subtype. Mouse sera obtained prior to immunization with GAGE were used as controls in all experiments and verified the specificity of GAGE staining (Fig. 2H) . Analysis of breast cancers with the polyclonal anti-Vav1 antibody revealed staining in 3 of 5 MCB tumor biopsies (Fig. 2K) , while no staining was observed in the 22 ductal breast cancers. In all tissue sections, intense staining of cells of hematopoietic origin was observed with the anti-Vav1 antibody.
Discussion
Several morphological studies of MCB have been undertaken to illuminate its distinct biology and define the mechanisms that may contribute to the favorable prognosis of this breast cancer subtype compared to the more common infiltrating ductal breast cancer. In this study, we used gene array combined with quantitative PCR to examine the gene expression profile of MCB cell lines and compare it to those of ductal breast cancer and normal breast epithelial cells, thereby identifying genes with altered expression. Such candidate genes may yield clues about disease pathogenesis, be used for genetic classification of cancer subtypes, and ultimately identify new targets for breast cancer therapy. Of more than 7,000 genes surveyed, only a limited number of genes exhibited altered expression profiles in the gene chip analysis and met the relatively strict inclusion criteria. These were members of the IGF family, cancer testis antigens, enzymes involved in lipid synthesis and a hematopoietic signaling molecule.
Three IGFBPs, IGFBP-3, -4 and -5, which have been shown to play important roles as regulatory proteins in ductal breast cancer (37) , were shown to be up-regulated in ductal breast cancer compared to MCB or normal breast epithelia. In agreement with this, others have found that IGFBP-5 is not expressed in normal breast epithelial cells (38, 39) . However, IGFBP-5 is expressed in ductal breast cancer and normal early development of the breast, where it is important in mammary gland remodeling, which shares features with cell invasion (38, 40) . Since IGFBPs have been shown to be under transcriptional control of the ER, it could be speculated that the differences were a result of ER status, but because both the MCB and ductal breast cancer groups contained one ER + and one ER -cell line, this explanation is unlikely. IGFBP-5 was found to be overexpressed in metastases when paired samples of primary tumors and corresponding metastases were examined by microarray (39) . IGFBP-5 was also identified as one of the 70 signature genes correlating with poor survival in patients with breast carcinoma (21). IGFBPs can affect cell function in an IGF-dependent or -independent manner, and IGFBP-5 expression has also been shown to activate PI-3 kinase (41) and enhance the survival of breast carcinoma cells (42) . Thus, the normal level of IGFBP-5 in MCB may be partially responsible for the low level of metastasis observed in patients with this breast cancer subtype. Further studies will determine whether IGFBP-5 is a potential target for the prevention of breast carcinoma metastases.
MGL was also shown to be highly expressed in ductal breast cancer compared to MCB or normal breast epithelia by microarray analysis. This was confirmed by IHC, where 17 of 20 ductal breast cancers were MGL-positive. MGL inactivates 2-arrachidoylglycerol (37), which has been shown to inhibit invasion (32) and exert anti-proliferative activity on several cancer cell lines, including prostate, breast, and colon cancers as well as gliomas (33, 43) . Further, a comparative microarray analysis of metastatic and non-metastatic variants (nude mouse system) derived from the MB-435 human breast carcinoma cell line showed that high MGL gene expression was associated with the metastatic phenotype (44) . The combined data suggest that MGL may be an important enzyme in the metastatic process through its effect on invasion and proliferation, and might be partially responsible for the lower frequency of metastasis in patients with MCB vs. ductal breast cancers.
Our microarray analysis and quantitative PCR also indicated that the cytosolic NADP(+)-dependent malic enzyme was down-regulated in MCB compared to ductal breast cancer and normal breast epithelia. However, the lack of an antibody to cytosolic NADP(+)-dependent malic enzyme negated further examination of expression at the protein level by immunohistochemisty. A study comparing gene expression in breast cancer cells in quiescent and late G1 phase of the cell cycle showed that mRNA of NADP(+)-dependent malic enzyme were specifically expressed in quiescence (45) . Interestingly, the mitochondrial isoform of NADP(+)-dependent malic enzyme has been found to play a crucial role in the glutamine metabolism for energy production in rapidly dividing cells and tumors, and to be up-regulated in these cells (31) . Similar analysis of the cytosolic isoform of NADP(+)-dependent malic enzyme in different cancer cells has not been undertaken. GAGE-4-7B genes were found to be significantly upregulated in both MCB cell lines compared to ductal breast cancer and normal breast epithelia cells by both microarray analysis and real-time PCR. With the exception of testis, GAGE genes that are not expressed in normal tissues have been found in a variety of cancers, including melanoma, lung and esophageal carcinomas, but not in colorectal or renal carcinomas (46) (47) (48) (49) . To our knowledge, GAGE has never been examined systematically in breast cancer. GAGE has previously been shown to elicit strong CTL responses in melanoma, suggesting that GAGE in MCB and other GAGEexpressing breast tumors may serve as a target of the tumorinfiltrating CTL response (49) . The examination of GAGE expression at the protein level using an anti-GAGE antibody demonstrated GAGE in the BrCa-MZ-01 MCB cell line but not in the two ductal breast cancer cell lines, MCF7 and HS578T. Only approximately 5% of BrCa-MZ-01 cells were stained by the GAGE antibody, indicating that GAGE expression is related to a distinct population that exists within the cell line. The nature of the heterogeneous expression of GAGE is currently being investigated. Surprisingly, the MB157 MCB cell line was not stained by the polyclonal GAGE antibody, perhaps due to expression levels lower than the detection limit of the antibody. The examination of an extended panel of ductal breast cancer biopsies demonstrated that GAGE is also expressed in specimens of this subtype, indicating that GAGE is not a selective marker of MCB.
Microarray analysis also revealed Vav1 to be selectively expressed in MCB cell lines, and these results were confirmed by quantitative PCR. Vav1, originally identified on the basis of its transforming potential, is normally only expressed in the hematopoietic compartment, but reports have identified Vav1 in pancreatic cancer associated with tumor cell proliferation (28, 29) . Surprisingly, Vav1 protein was not detected in any of the cell lines, though it was detected in 3 of 5 MCB biopsies.
During the preparation of this study, a report showed that overexpression of cyclin E in a breast cancer cell line promotes increased adhesive properties, decreased motility and invasive potential (50) . Furthermore, it was found that upregulation of cyclin E was significantly associated with MCB compared to other breast cancer subtypes. Collectively, these results indicate that cyclin E may contribute to the distinct biology of MCB. In our microarray study, cyclin E was found to be up-regulated only in the MB157 MCB cell line, while the level in the BrCa-MZ01 MCB cell line and ductal breast cancer cell lines was similar to that of normal breast epithelial cells.
The use of cell lines, as examined in this study, ensures the consistency of the RNA and confirms that the obtained gene expression profiles reflect only cancer cells and not contaminating connective tissue, infiltrating lymphocytes or vascular cells, a common interpretation problem when whole cancer tissue samples from patients are used as an RNA source. Thus, these cell lines may provide a good baseline. However, since a network of physical and biochemical signals, including the adhesive, growth factor, and hormonal milieu, influence gene expression in diverse tissues, differences between the gene expression profile of cells in cell cultures and those found 'in context,' i.e. within a proper tissue structure, are likely to be observed. It is therefore important to extensively validate the observed differences using tumor biopsies at both the genomic and proteomic level. The examination of a larger panel of MCB cell lines would have been preferable, but the two MCB cells lines in this study are, to our knowledge, the only ones available.
Our microarray analysis of a panel of breast cell lines and a normal breast epithelial cell line identified candidate genes that exhibited altered expression in MCB compared to ductal breast cancer and normal epithelia. Analysis at the protein level on a panel of breast tumors demonstrated that only some of these candidate genes were consistently and differentially expressed in MCB versus ductal breast cancer. Further analysis of these candidate genes may reveal characteristics that shape the distinct biology of these two breast cancer subtypes. In order to validate the identified genes and possibly identify other genes differentiating MCB from ductal breast cancer, we have initiated a gene microarray analysis of a large panel of MCB and ductal breast cancer biopsies.
